Abstract. BACKGROUND: Gait performance of stroke patients is affected by impaired sensory ability. The purpose of the present study was to determine the relationship between somatosensory-evoked potential (SSEP) parameters and gait performance in hemiparetic stroke patients. METHODS: A convenience sample of 17 hemiparetic stroke patients (mean age 60.11 ± 8.83 years; 10 women; right hemiplegia: 10, left hemiplegia: 7) were recruited for the present study. The Electro Synergy system (Viasys Healthcare; San Diego, CA, USA) was used for SSEP evaluation. The 17 patients were assigned to two groups according to their SSEP results as follows: 8 patients to the normal response group and 9 patients to the abnormal group. All the participants underwent the same rehabilitation exercise programs during 4 weeks, followed by clinical evaluation. A mixed-design analysis of a variance model was used to test for differences in timed up-and-go (TUG) test and 10-meter walking test (10MWT) scores between the two independent groups while the participants were subjected to repeated measures (pretest and posttest). RESULTS: Analysis of variance revealed the main time effect (p < 0.05) and group by time interaction effect (p < 0.05). The post hoc test result confirmed that the normal sensory group showed greater improvement in TUG test and 10MWT scores than the abnormal sensory group (p < 0.05). The TUG test and 10MWT scores in the posttest were greater in the normal sensory group than in the abnormal sensory group. CONCLUSIONS: The present study demonstrated the importance of the clinical contribution of the baseline sensory function of individuals with hemiparetic stroke to their gait performance and recovery after stroke rehabilitation. As anticipated, the individuals who had intact or spared sensory function showed greater improvements in gait speed and performance measures than those who had impaired sensory function.
Introduction
The sensorimotor function of the central nerve system (CNS) is important for balance reaction and ambulation and often impaired in hemiparetic stroke after the development of a CNS lesion [1] . Among S146 H.S. Yoon et al. / Effect of rehabilitation on the somatosensory evoked potentials and gait performance the various sensory inputs, including visual, proprioceptive, and vestibular information, the somatosensory information, which provide joint position and kinesthetic movement sense, is the most essential for symmetrical balance and locomotor movement control [2] . Conventionally, clinical sensory measurement was used to detect the degree of sensory impairment in neurological patients such as those who had a stroke, spinal cord injury, and multiple sclerosis. However, due to measurement sensitivity and reliability issues, the somatosensory-evoked potential (SSEP) has been used recently to determine the sensory integrity associated with cutaneous and proprioceptive sensory function. SSEP measures the electrophysiological response of the nervous system to a standardized electrical sensory stimulation, which is measured along the sensory pathway (i.e., posterior tibial nerve) [3] . Neurophysiologically, the posterior tibial nerve stimulation elicits the large-diameter, fast-conducting Ia muscle afferent and group II cutaneous nerve fibers, with which orthodromic sensory stimulation generates the SSEP [3] . The neural activity from stimulation transmits sensory signals associated with proprioception and vibration that ascends the ipsilateral dorsal column and medial lemniscus pathways to the frontoparietal sensory motor cortex [4] . Hence, the post-stimulus latency of an SSEP peak characterizes neurological functional impairments as measured by peak waveform amplitude, conduction velocity (CV), and central conduction time (CCT), which result from the stimulation of a nerve [5] . Tibial nerve SSEP is generated by the primary somatosensory cortex, which subserves detecting the ischemic stroke events associated with anterior cerebral artery aneurysm. Therefore, it is clinically useful to monitor the ischemic insult associated with cerebral aneurysm surgery, or prognostic outcomes in balance and gait performance after stroke [6] . However, it is unclear how the SSEP can be used to predict or quantify the degree of the balance and gait function of stroke patients, although previous studies showed potential correlations between SSEP and gait recovery [7, 8] . The purpose of the present study was to determine the relationship between SSEP parameters and gait performance (timed up and go [TUG] test and 10-meter walking test [10MWT]) parameters in stroke patients. Our hypothesis was that an association exists between SSEP and gait performance parameters.
Materials and methods

Materials and procedure
A convenience sample of 17 adults with hemiparetic stroke (mean age 60.11 ± 8.83 years; 10 women; right hemiplegia: 10; left hemiplegia: 7) were recruited for the present study. The diagnosis of stroke was based on clinical history and examination results, and confirmed by using computed tomography or magnetic resonance imaging(supratentorial lesion: 12, infratentorial lesion: 5; infarction: 11, hemorrhage: 6). All the participants underwent a consistent rehabilitation exercise program for 45 minutes a day, 3-5 times a week over a 4-week period. The subjects who had a subacute hemiplegic stroke (post-stroke onset duration < 3 months; mean months 1.82 ± 0.72 ) and could follow the instruction (Mini-Mental State Examination-Korea [MMSE-K] mean score 27.23 ± 1.56) were included. However, stroke patients with severe visual hemianopia, cognitive impairments, sensory neuropathy, or previous surgical history were excluded. The Electro Synergy system (Viasys Healthcare; San Diego, CA, USA) was used to examine the baseline SSEP parameters prior to rehabilitation. A bar electrode was used to stimulate the paretic side posterior tibial nerve. The cathode was positioned in the middle site between the medial border of the Achilles tendon and medial malleolus posterior border, and stimulated the posterior tibial nerve at 30 mA. The anode was located 3 cm distally from the cathode. The signals were recorded with fine-needle electrodes by inserting a reference electrode in the Fz and the active electrode in Cz as per the international 10-20 system [8] . Two repetitive stimuli were produced with a frequency of 2.3 per second for 250 pulses and were averaged. Band filter width was set to 20-2000 Hz. SSEP was considered normal if P37 was < 41.7 ms and abnormal if it was 41.7 ms [9] . Based on the baseline SSEP data, 8 patients were classified into the normal sensory response group (NSG) and 9 patients into the abnormal sensory group (ASG; Fig. 1 ). The clinical test included the standardized TUG test and 10MWT. The TUG test and 10MWT are reliable and valid measurement tools to assess dynamic standing balance and gait speed in older adults [10, 11] . The tests require performing tasks that consist of standing up from a chair, walking 3 m, returning to the chair, and sitting down and checking the time to complete the test [12] . A previous study suggested that all healthy community-dwelling subjects aged 65-84 years performed the test in < 20 seconds [13] . In the 10MWT, each patient was asked to walk as quickly as possible [14] .
Statistical analysis
Descriptive statistical data analyses included means and standard deviation. A mixed-design analysis of a variance model was used to test for differences in TUG test and 10MWT scores between the two independent groups (NSG and ASG) while the participants were subjected to repeated measures (pretest and posttest). The Tukey post hoc test was performed when the inter-action effects were observed. Pearson's correlation was analyzed a relationship between the SSEP and TUG/10MWT.
Results
TUG (Dynamic balance and gait speed)
Analysis of variance (ANOVA) revealed the main time effect (p < 0.05) and group by time interaction effect (p < 0.05). The post hoc test confirmed that the NSG showed greater improvement in TUG test score than the ASG (p < 0.05). The TUG test score in the posttest was greater in the NSG than in the ASG (Table 1) .
10MWT (Gait speed)
The ANOVA revealed the main time effect (p < 0.05) and group by time interaction effect (p < 0.05). The post hoc test confirmed that the NSG showed greater improvement in 10MWT score than the ASG (p < 0.05). The 10MWT score in the posttest was greater in the NSG than in the ASG (Table 1) .
Relationship between the SSEP and TUG/10MWT
Pearson's correlation analysis showed a strong relationship between the SSEP and TUG (r = 0.66, p < 0.01) as well as between the SSEP and a 10MWT score (r = 0.61, p < 0.01).
Discussion
The present study demonstrated the importance of the clinical contribution of the baseline sensory function of individuals who had a hemiparetic stroke to their gait performance and recovery after stroke rehabilitation. As anticipated, the individuals who had an intact or preserved sensory function showed greater improvements in gait speed and performance measures than those who had impaired sensory function. Moreover, the correlation analysis showed a strong relationship between the SSEP and TUG and 10MWT, suggesting a predictive relationship between the sensory integrity and gait outcome variables. These findings are consistent with those of a previous study [15] that examined the relationship between the integrity of the tibial nerve SSEP and the extent of recovery of motor function in terms of Fugl-Meyer assessment (FMA) score. Kim and colleagues [15] reported that individuals with higher or normal sensory functions showed greater recovery of motor function assessed by FMA score than those with impaired sensory function after stroke rehabilitation.
Functional locomotor recovery in hemiparetic stroke has been attributed to multiple factors, including sensorimotor dysfunction, muscle imbalance, asymmetric or unilateral muscle weakness, spasticity, and movement coordination [16] . Among these factors, sensorimotor dysfunction influences muscle imbalance and movement coordination, which consist of postural control and locomotion [17] . Altered somatosensory input (joint position sense and proprioception) transmitted from the involved limb to the primary motor cortex via ascending pathways can generate inappropriate motor output to the spinal cord via descending pathways [18] , which convey locomotor output signals through alpha and gamma motor neurons, which innervate the lower extremity muscles for walking [19] . Somatosensory proprioception has been identified as an important afferent input for the efficient locomotor control and recovery, as it is involved in the feedback motor control mechanism in the gait and posture in stroke rehabilitation [20] .
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In fact, the increasing gait speed between SSEP and walking function in the present study further support this notion. Lastly, one limitation of the present study is that the results should be interpreted with caution when generalizing our findings to chronic hemiparetic populations. Future research should be conducted with a larger sample size to increase the experimental robustness and generalizability of our findings.
Conclusion
The present study demonstrated the importance of the clinical contribution of the baseline sensory function of individuals who had a hemiparetic stroke to their gait performance and recovery after stroke rehabilitation. As anticipated, the individuals who had an intact or preserved sensory function showed greater improvements in gait speed and performance measures than those with impaired sensory function. These results suggest that the degree of posterior tibial nerve damage can contribute to gait performance and speed. Clinically, this study provides important insight for increasing gait performance.
